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 Objective: Unusual setting of medical care
 Background: Pneumonectomy is associated with various anatomical changes and potential complications involving the re-
spiratory and cardiovascular systems. How laparoscopic surgery affects cardiorespiratory status in postpneu-
monectomy patients is yet to be ascertained. Here, we describe the use of the FloTrac™ sensor for the anes-
thetic management of laparoscopic adrenalectomy in a postpneumonectomy patient.
 Case Report: A 35-year-old woman underwent an extended hysterectomy and right pneumonectomy for retroperitoneal an-
giosarcoma and lung metastases, respectively. The metastasis was found in her left adrenal gland; therefore, 
laparoscopic adrenalectomy was scheduled. Spirometry demonstrated the following: forced vital capacity (FVC), 
1.90 L (55.6% of predicted value); vital capacity, 53.6%; forced expiratory volume (FEV1), 1.38 L (47.3% of pre-
dicted value); and FEV1/FVC, 72.4%. The heart and mediastinal structures had shifted into the right hemitho-
rax. Hugh-Jones classification was grade 2. The induction of general anesthesia was planned. The patient was 
orotracheally intubated and managed with the pressure control ventilation-volume guaranteed mode of venti-
lation, targeting an expired tidal volume of 6–7 ml/kg, without using PEEP. We evaluated cardiac output (CO), 
cardiac index (CI), stroke volume (SV), and stroke volume variation (SVV) using a FloTrac™ sensor. After the es-
tablishment of pneumoperitoneum, SVV increased. CO and SV decreased slightly; however, the patient’s he-
modynamic status was stable. After surgery, we extubated the patient in the operating room; she demonstrat-
ed good progress and was discharged home on postoperative day 5.
 Conclusions: We found changes in the values of SVV after pneumoperitoneum in a postpneumonectomy patient. The FloTrac™ 
sensor may be a minimally invasive and promising monitor for detecting hemodynamic changes associated 
with laparoscopic surgery in postpneumonectomy patients.
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Background
Pneumonectomy leads to a variety of anatomical changes and 
significant decreases in pulmonary function, which give rise to 
complications involving the respiratory system, cardiovascular 
system, and pleural space [1]. After pneumonectomy, the lung 
volume, forced expiratory volume in one second (FEV1), forced 
vital capacity (FVC), and the diffusing capacity for carbon diox-
ide (DLCO) decrease [1,2]. After lung resection, the right ven-
tricular ejection fraction decreases, whereas the right ventric-
ular end-diastolic volume increases [3].
Reports describing the anesthetic management of postpneu-
monectomy patients are few; therefore, no official anesthetic 
guidelines have been set to establish the choice of appropri-
ate anesthetic management, such as the method of anesthe-
sia and its monitoring [4]. Although the use of laparoscopic 
surgery has increased, the effect of general anesthesia dur-
ing the establishment of pneumoperitoneum and that of sur-
gical position on the cardiorespiratory status in postpneumo-
nectomy patients remains unclear [5].
The FloTrac™ sensor (arterial pressure-based cardiac output 
sensor) has been utilized as an easy and effective means of 
hemodynamic monitoring [6,7]. At present, no clinical report 
exists on the use of the FloTrac™ sensor for laparoscopic sur-
gery in postpneumonectomy patients.
The objective of this case report is to present the results on the 
use of the FloTrac™ sensor for the anesthetic management of 
laparoscopic adrenalectomy in a patient after pneumonectomy.
Case	Report
A 35-year-old woman (weight 69 kg, height 167 cm, ASAII) 
was diagnosed with retroperitoneal angiosarcoma. She pre-
viously underwent an extended hysterectomy at 32 years of 
age and a right pneumonectomy at 34 years of age to man-
age the lung metastases.
However, left adrenal metastasis was found on follow-up com-
puted tomography (CT), and she was therefore scheduled for 
laparoscopic adrenalectomy. Her baseline SpO2 was 98% (in 
room air) and home oxygen therapy was not needed. She pre-
sented no tachypnea or dyspnea at rest, had no heart failure, 
and was assigned grade 2 on the Hugh-Jones (HJ) classifica-
tion scale. Her pulmonary function test demonstrated an FVC 
of 1.90 L (55.6% of predicted); vital capacity, 53.6%; FEV1, 1.38 L 
(47.3% of predicted); and FEV1/FVC, 72.4%. The DLCO test was 
normal. Chest X-ray image and CT revealed a shift of the heart 
and mediastinal structures into the right hemithorax, elevation 
of the right hemidiaphragm, and hyperinflation of the remaining 
lung (Figure 1). Anesthetic management with general anesthe-
sia was planned and the anesthetic record is shown in Figure 2. 
After oxygenation, general anesthesia was induced via target-
controlled infusion of propofol (3.0 μg·ml–1) and remifentanil 
(0.25 μg·kg–1·min–1), and subsequently, the trachea was intu-
bated following the administration of rocuronium (60 mg). She 
was orotracheally intubated with a 7.0-mm spiral tube, and the 
position of the endobronchial tube was verified by bronchosco-
py. After induction of general anesthesia, a radial artery cath-
eter was inserted and the FloTrac™ sensor (ver.4.00, Edwards 
Lifesciences, LLC) was attached. The cardiac output (CO), cardi-
ac index (CI), stroke volume (SV), and stroke volume variation 
(SVV) were evaluated using the EV 1000 monitor. Thereafter, 
Figure 1.  Chest images after pneumonectomy. Chest radiographs show the mediastinum shifting into the right pleural space (A). Chest 
computed tomography images on axial views (B) and coronal views (C). The left lung is overinflated (arrow) and the heart is 
shifted into the right space (white arrow). The hemidiaphragm and the liver are elevated (black arrow).
A B C
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she was placed in the right lateral position. From the beginning 
to the end of the position conversion, the hemodynamic and 
respiratory status was stable. Anesthesia was maintained with 
continuous infusion of propofol and remifentanil, with a bolus 
of rocuronium. She received pressure control ventilation-volume 
guaranteed (PCV-VG) mode of ventilation, targeting an expired 
tidal volume (TV) of 6–7 ml/kg, 0.5 fraction of inspired oxygen, 
and peak inspiratory pressure (PIP) £20 cmH2O, without using 
PEEP. Mechanical ventilation was adjusted to maintain the end-
tidal pressure of PETCO2 between 30 and 35 mmHg. The lung re-
cruitment test and suction were done as appropriate. Hypoxemia 
was not observed, and arterial blood gas findings were normal. 
During the establishment of pneumoperitoneum, SVV increased 
from 6.7±0.6 to 10.9±1.3%, CO and SV decreased slightly within 
the normal range (CO: from 6.9±0.2 to 6.4±0.2 L/min, SV; from 
103.1±3.2 to 96.4±3.2 L/s); however, no change in blood pres-
sure (BP) or heart rate (HR) was noted. The SVV recovered af-
ter the end of pneumoperitoneum. Hemodynamic monitoring, 
including SVV, CO, and SV, was not changed after changing the 
patient’s position from lateral to supine. After confirming the 
lack of complications with chest X-ray imaging and blood gas 
test, the patient was extubated in the operating room. The du-
ration of the surgery and anesthesia were 177 min and 280 min, 
respectively. Blood loss was minimal, and the urine volume was 
530 ml. She showed good progress and was subsequently dis-
charged home on the 5th postoperative day.
Discussion
This case describes 2 clinical issues. The first is the anesthet-
ic management of laparoscopic adrenalectomy after pneumo-
nectomy using PCV-VG respirator mode. The second is the case 
of use and effectiveness of the FloTrac™ sensor for detecting 
hemodynamic change.
The FloTrac™ sensor is minimally invasive and is useful for de-
tecting hemodynamic changes [6,7]. After lung resection, the 
right ventricular ejection fraction decreases, whereas the right 
ventricular end-diastolic volume increases [3]. Therefore, early 
detection of signs of heart failure is important in the anesthet-
ic management of postpneumonectomy patients.
Figure 2.  Anesthetic record. Double circle marks represent start/end of surgery; cross marks represent start/end of anesthesia; 
a triangle mark represents endotracheal intubation/extubation. Heart rate (HR [/min]: ), cardiac output (CO [L/min]: ), 














































10 10 10 10 100
100
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 [minutes]
Lateral position
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 [minutes]
100 100
Fentanyl [µg]
100 100 100 100
Akazawa M. et al.: 
FloTrac™ sensor for laparoscopic surgery after pneumonectomy
© Am J Case Rep, 2020; 21: e925979
e925979-3 Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)][Web of Science by Clarivate]
This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)
Okada et al. reported a significant decrease in the right ven-
tricular SV after the operation, with a significant increase in 
HR being considered necessary to maintain CO after major 
pulmonary resection [8]. Smulders et al. reported that an ele-
vated resting HR and reduced SV in 15 patients, 5 years after 
pneumonectomy [9]. Liu et al. attempted to reduce the anes-
thetic and surgical risk associated with severe pulmonary hy-
pertension by following the anesthetic management based on 
serial SV values using the FloTrac™ sensor [10].
Pneumoperitoneum with laparoscopic surgery affects the he-
modynamic status of postpneumonectomy patients. Previous 
reports on the hemodynamic status of non-pneumonectomy 
patients during laparoscopic surgery demonstrated the poor 
reliability of FloTrac™ parameters, especially CO, during the 
establishment of pneumoperitoneum [11]. Recently, SVV has 
proven useful in anesthesia management for laparoscopic sur-
gery. Wajima et al. reported that SVV increased during pneu-
moperitoneum and decreased significantly afterwards [12]. 
Liu et al. reported that both SVV and plethysmographic vari-
ability index increased progressively as the level of intra-ab-
dominal pressure also increased in patients undergoing lap-
aroscopic cholecystectomy [13]. Erik et al. reported that SVV 
can be safely used as an alternative to CVP monitoring dur-
ing both open and laparoscopic hepatectomy [14]. It has also 
been shown to be useful as a dynamic variable of fluid re-
sponsiveness during laparoscopic surgery [15,16]. On the oth-
er hand, whether SVV with the FloTrac™ sensor can be used 
as a preload variable for patients undergoing one-lung venti-
lation (OLV) remains controversial [17–19].
In this case, as evaluated by the FloTrac™ sensor, the SVV in-
creased during the establishment of pneumoperitoneum. The 
changes in the value of SVV were nearly equal to the change 
induced by pneumoperitoneum, as previously reported [13]. 
CO and SV only decreased slightly within the normal range 
during the establishment of pneumoperitoneum. In addition, 
the increase of SVV values and the small decrease of CO and 
SV values recovered after pneumoperitoneum. Therefore, we 
could determine that the patient’s SVV change due to the 
pneumoperitoneum was within the allowance. The FloTrac™ 
sensor detected small changes associated with pneumoperito-
neum, even in the present postpneumonectomy patient, and 
may be able to detect signs of heart failure.
Laparoscopic surgery in a postpneumonectomy patient requires 
careful respiratory management, and respiratory status is close-
ly related to hemodynamic status. Pulmonary function after 
pneumonectomy depends largely on the preoperative function 
of the remaining lung [20], age of the patient at the time of 
surgery [21], the extent of compensatory hyperinflation devel-
oped postoperatively, duration of the period following pneumo-
nectomy [22,23], and area of resection (right or left lung) [24]. 
Here, the patient underwent a right pneumonectomy; how-
ever, 1.5 years had elapsed since her pneumonectomy at the 
time of performing the adrenalectomy. Moreover, her subjec-
tive symptoms were mild, that is, grade 2 on HJ classification. 
Therefore, her remaining lung was considered relatively good.
During the establishment of pneumoperitoneum, the lung was 
compressed by the raised intra-abdominal pressure, thereby 
reducing the diaphragmatic excursion, compliance, and func-
tional residual capacity. The recommended necessary tidal vol-
ume requires higher plateau and peak airway pressures [25]. 
Only 2 reports exist on the use of anesthesia for manag-
ing laparoscopic surgery in patients after pneumonectomy. 
Newington et al. and Nair et al. managed laparoscopic surgery 
after pneumonectomy using endotracheal general anesthesia 
with mechanical ventilation (pressure-controlled ventilation; 
the TV of 5–6 ml/kg producing a PIP of 25 cmH2O) [26,27].
Our lung-protective ventilation strategy was a combination of 
low TV, low PIP, and minimal PEEP. In this case, we used PCV-
VG (producing a PIP of 18–20 cmH2O and targeting an expired 
TV of 6–7 ml/kg, without using PEEP). The PIP during anesthe-
sia was similar to that reported in previous studies, and there 
was less hypercarbia during laparoscopic surgery, as sufficient 
TV could be achieved using the PCV-VG, in contrast to the pre-
vious reports. The primary components of protective ventila-
tion include the low tidal volume (LTV, tidal volume 6–8 mL/kg) 
and limited peak airway pressure, with or without PEEP [28]. 
In a comparative study of the 3 respiratory modes during lap-
aroscopic surgery or OLV, PCV-VG and PCV mode leads to a 
lower PIP and better preservation of compliance than the VCV 
mode [29, 30]. A recent study showed that PCV-VG has a more 
consistent tidal volume, fewer excessively deep breaths, low-
er peak pressure, less hypo- and hypercarbia, and lower levels 
of inflammatory cytokines [31]. Thus, PCV-VG is a respiratory 
mode that can provide ideal respiratory management for lap-
aroscopic surgery in postpneumonectomy patients.
This is the first report describing the anesthetic management 
of laparoscopic surgery in a postpneumonectomy patient using 
the FloTrac™ sensor to detect hemodynamic changes. Whether 
the FloTrac™ sensor can help manage laparoscopic anesthesia 
in patients after lung resection needs to be thoroughly consid-
ered in the future. During the establishment of pneumoperito-
neum in laparoscopic surgery, not all FloTrac™ parameters are 
reliable [11]. Regarding SVV, there are problems, such as what 
should be done with the management target value. Because it is 
debatable whether SVV can be used as a preload variable during 
OLV, further research on SVV in postpneumonectomy patients is 
needed [17,18,32]. Since SVV is measured continuously, SVV in-
dicates, at least, the relative changes if not the absolute values, 
in postpneumonectomy patients [33]. In postpneumonectomy 
patients, minimally invasive monitoring is preferred. Although 
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the FloTrac™ sensor has the practical advantage of being mini-
mally invasive, patients with significantly decreased preopera-
tive cardiopulmonary function may require additional monitor-
ing using more accurate means. In this case, we were able to 
observe the change in SVV values due to pneumoperitoneum 
using the FloTrac™ sensor, even in a pneumonectomy patient.
Conclusions
We reported a case of laparoscopic adrenalectomy after pneu-
monectomy using the FloTrac™ sensor. In cases of laparoscopic 
surgery after pneumonectomy, special attention must be given 
to the respiratory function, hemodynamic status, and the ef-
fects of pneumoperitoneum. SVV assessed using the FloTrac™ 
sensor was able to capture the changes resulting from pneu-
moperitoneum in this postpneumonectomy patient, which 
could not be detected by ordinary parameters such as the BP 
or HR. Thus, SVV measurement using the FloTrac™ sensor ap-
pears to be an easy-to-use and promising monitor for detect-
ing the hemodynamic changes associated with laparoscopic 
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